Kimley»Horn

Attachment B — Hydraulic Analysis




Project Descripti
Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slepe
Left Side Slope
Right Side Slope
Bottom Width

Discharge

Manning Formuia

Normat Depth

0.030
0.00520
4.00
4.00
42.00
1087.00

Worksheet for XS-1D (Sta 5+20.25)

it

ftft (H:V)
it (H:V)
ft

ftofs

Nermal Depth
Flow Area
Wetted Perimeter
Hydrautic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth

Length
Number Of Steps

Upstream Depth
Profile Dascription
Profile Headloss
Downstream Velocity
Upstream Velocity
Naormal Depth
Critical Depth
Channel Stope

3.07
166.41
67.29
2.47
66.53
2.53
0.01035
6.53
0.66
3.73
0.73

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

3.07

2.53

0.00520

ft
fifft

ft

ft

ft

ft/s
fi/s

fift
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GVE Output D

Critical Slope 0.01035 {fi/ft
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Friction Method

Manning Formula
Solve For

Normal Depth

Cross Section for X$-1D (Sta 5+20.25)

Roughness Coefficient 0.030
Channel Slope 0.00520
Normal Depth 3.07
Left Side Stope 4,00
Right Side Stope 4,00
Bottom Width 42.00
Discharge 1087.00

it
ft

A7t (H:V)
it (H:V)
ft

ftsts

! 42 00t
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Friction Method

Solve For

inpi Baia 7

Roughness Coefficient
Channel Slope

Left Side Stape

Right Side Stepe
Bottom Width

Discharge
Results’

Normal Depth
Flow Area
Wetled Perimeter
Hydraulic Radius
Top Width
Critical Depth
Crificat Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downsiream Crepth
Length
Number Of Steps

GVF OutputData

Upstrearn Depth
Profite Description
Profile Headloss
Downstream Velocily
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Bepth

0.030
0.00520
4.00
4.00
42.00
1087.00

3.07
166.41
87.29
2.47
§6.53
2.53
0.01035
6.53
0.66
3.73
0.73

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

3.07

2.53

0.00520

Worksheet for XS$-2D (Sta 8+28.41)

it

ftfft (HV)
it (H:V)
ft

ftofs

fi/ft
ft's

ft

ft

ft

fi/s

ft
fuft
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GVF Oltput Data

Crifical Slope

Worksheet for X$-2D (Sta 8+28.41)

0.01035 ft/ft
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Cross Section for XS-2D (Sta 8+28.41)

Friction Method Manning Formula

Solve For Normal Depth

Roughneass Coefficient 0.030
Channef Slope 0.00520
Normat Depth 3.07
Left Side Slope 4.00
Right Side Slope 4.00
Bottom Width 42,00
bischarge 1087.00

ftift

ft

fifft (H:V)
ft/ft {H:V)
ft

ft¥/s

} 42 D0
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Project Descr

Friction Method

Solve For

Roughness Cosfficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth

Lengih
Number Of Steps

Manning Formula
Normal Depth

0.030
0.00910
4.00
4.00
42.00
1087.00

2.62
137.57
63.61
216
62.97
2.583
0.01035
7.90
0.97
3.59
0.94

Subcrifical

0.00
0.00

fiift

Ut {H:V)
it (H:V)
ft

ftfs

ft
fi2

ft
ft
ft
ft/ft
ftfs

ft
ft

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
MNormal Depth
Critical Depth
Channel Slepe

0.00

0.00
Infinity
Innfinity

2.62

2.53

0.00910

ft

ft
ftfs
ftf's
ft
ft
fifit
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Worksheet for XS-3D (Sta 14+25.86)

GVF Oltput Data

Critical Slope 001035  ftst
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Projec

Friction Methed

Manning Formula

Solve For Normal Depth

Input Data.

Roughness Coefficient 0.030
Channel Slope 0.00910
Normal Depth 2.82
Left Side Slope 4.00
Right Side Slope 4.00
Bottom Width 42.00
Discharge 1087.00

fi/ft

ft

ftift (H:V)
ftrft (H:V)
it

ft¥s

II 42.00
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Friction Method

Solve For

Input Data

Roughness Goefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Widih

Discharge

MNarral Depth
Flow Area
Wetted Perimeler
Hydraulic Radius
Tep Width
Criticaf Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVE Input Data

Downstream Depth

Length
MNumber Of Steps

Upstream Depth
Profile Description
Profite Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Maniing Formula

Normal Depth

0.030
0.00500
4.00
4.00
42.00
1087.00

Worksheet for XS-4D (Sta 21+15.05)

fifft

ftfft (H:V)
ft/ft {H:V)
ft

ft*fs

3.10
168.66
67.57
250
66.80
253
0.01035
6.44
0.65
3.75

0.72 .

Subcriticat

0.00
0.00

0.00

0.00
Infinity
Infinity

3.10

2.53

0.00500

it
i

ft

ftrit
fi/s

ft
ft

it

ft

ft/s
ft/s

fifft
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Worksheet for XS-4D (Sta 21+15.05)

Critical Slope 0.01035 ftft

Bentley Systems, Inc. Haestad Methods SoBéatle@diitarMaster Vi (SELECTseries 1) [08.11.01.03]
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Friction Method Manning Formuta

Solva For Normal Depth

Cross Section for XS$-4D (Sta 21+15.05)

Roughness Coefficient 0.030
Channel Stopse 0.00500
Normal Depth 3.10
Left Side Slope 4.00
Right Side Slope 4.00
Bottom Width 42.00
Discharge 1087.00

fut

ft

/et (H:V)
/it (H:V)
ft

fts

i 42,001t
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Project Descriptio
Friction Method

Solve For
Input Data
Roughness Coefficient
Channe! Slope

Left Side Sfope

Right Side Slope
Bottom Width

Discharge
Results
Normat Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy

Froude Number

Flow Type

Manning Formula

Normal Depth

0.030
0.00910
4,00
4.00
42.00
1087.00

262
137.57
63.61
2.16
62.97
253
0.01035
7.90
0.97
3.59
0.94

Subcritical

Worksheet for XS-5D (Sta 27+13.68)

Tt
it (H:V)
ftift (H:V)
ft

s

i/t
ft's
ft
ft

Cownstream Depth

Length
MNumber Of Steps

Upstream Depih
Profile Description
Profile Headloss
Dawnstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

0.00
0.00

it

0.00

0.00
Infinity
Infinity

2.62

2.53

0.00910

ft
ft/'s
ft/s
it
ft
ftt
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GVF Output Data

Critical Slope 0.01035  ftAt
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Cross Section for XS-5D (Sta 27+13.68)

Projec

Friction Method Manning Farmula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.030

Ghannel Slope 0.00910  ftft
Narmal Depth 2682 ft

Left Side Slope 4.00  fyft (H:v)
Right Side Slope 4.00 ft/ft (H:V)
Bottom Width 42,00 #t
Discharge 1087.00 ft¥/s

} £ 00ft ;

Bentley Systems, Inc. Haestad Methods SoBdititeg EdberMaster V8i {(SELECTseries 1) [08.11.01.03]
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Worksheet for XS-1E (Sta 5+20.25)

Friction Method Manning Formula

Solve For Normal Deptht

Input-Data.

Channel Slope 0.00670 it
Discharge 1087.00 fi¥s

Section Definitions

0+4t - 1024.85
0+63 1619.79
G+75 1019.76
o 1019.71
1+10 1019.61
1+26 1023.37

Roughness Segment Definitions

{0+41, 1024.85) (0+63, 1019.7%) 0.030
{0+63, 1019.79) (1+10, 1019.61) 0.040
(1+10, 101981} (1+26, 1023.37) 0.030

Lurrent Roughness weighted Paviovskii's Method

Methad

Open Channel Weighting Methed Paviovskii's Method

Closed Channel Weighting Method Pavlovskit's Method

Normal Depth 312 1t
Elavation Range 1019.61 to 1024.85 ft

Flow Area 180.39 f?
Wetted Perimeter 73.79 ft
Hydraulic Radius 244 ft

Bsntley Systems, Inc. Haestad Methods SoBéateQditarMaster V8i (SELECTseries 1) [08.11.01.03)
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Worksheet for XS

Results =«

Top Width 7341 ft
Normal Depth 312 f
Critical Depth 248 ft
Ciitical Slepe 0.01567 fUft
Velocity 6.03 fl/s
Velocity Head 056 ft
Specific Enargy 368 ft
Froude Number 0.68

Flow Type Subcritical

Downsiream Depth 0.00 ft
Length 000 f
Number Of Steps 0

oV oupitoate

Upstream Depth 0.00 ft
Profite Description

Profite Headloss 000 ft
Downstream Velocity Infinity  ft/'s
Upstream Velocity Infinity  ft/s
Normal Depth 312 ft
Critical Depth 248 ft
Channel Stope 0.00670  ftft
Critical Slope 0.01567  ftft

Bentley Systems, Inc. Haestad Methods SoBétie@diltarMaster V8i (SELECTserles 1) [08.11.01.03]
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Cross Section for XS-1E (Sta 5+20.25)

Project Description
Fricticn Method Manning Formula

Solve For MNormal Depth

nplitData

Channel Slope 0.00670  fi/ft
Normal Depth 312 ft
Discharge 1087.00 ft¥s

1025.00.
1024507}
B R
B O R R
1023.00°
1022 50°
1022.00]
12180] |
1021.00] i
1020.50° \
1020.00° \.
1019.50;

Elevation

0+60  0+480 | 100 | 1420
Siation
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Worksheet for XS-2E (Sta 8+28.41)

Friction Methed Manning Formula

Solve For Normal Depth

Inpit Data

Channel Slope 0.00650 fi/ft
Discharge 1087.00  ft¥/s

Section Definitfons

o Eiévatlon {t)

049 1021.20
068 1017.41
0+84 1017.12
1+10 1017.02
1+27 1021.50

Roughness Segment Definitions

fart Station -
(0+49, 1021.20) {0+68, 1017 .41} 0.030
(0+68, 1017.41) {1+10, 1017.02} 0.040
(1+10, 1017.02) {1+27, 1021.50 0.030
Options
uurrent Roughness Weighted Paviovskil's Method
Method
Open Channet Weighting Method Paviovski's Method
Clesed Channet Weighting Method Paviovskii's Method

Mormal Depth 334 ft
FElevation Range 1017.02 to 1021.50 #t

Flow Area 177.31 i
Wetted Perimeter 70.09 ft
Hydraulic Radius 253 1t
Top Width 69.37 1t

Bentley Systems, Inc. Haestad Methods SoRéke@diltevMaster V8i (SELEGTseries 1) [08.11.01.03]
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Worksheet for XS-2E (Sta 8+28.41)

Normal Depth 334 ft
Critical Depth 266 ft
Critical Slope 0.01518 fuft
Velocity 8.13 ftfs
Velocity Head 058 ft
Specific Energy 392 ft
Froude Number 0.68

Flow Type Subcritical

GVF Input Dat

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

Upstream Depth c.00 ft
Profite Description

Profile Headioss 000 #t
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  fi/s
Normal Depth 334 ft
Critical Depth 266 ft
Channel Slope 0.00650  ftfft
Critical Slope 0.01518 /it

Bentley Systems, Inc. Haestad Methods SoBtickke@diitarMaster V8i (SELECTseries 1} [08.11.01.03]
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Friction Method
Solve For

Manning Formula

Mormal Depth

Channel Slope
Normal Depth

Discharge

Cross Section image

0.00650 i/t
334 ft
1087.00 s

1021.50|

1021.00

1020.50 |

1020.00

1019.50

Elesration

1019.00

1018.50

1018.00

1017.50

1017.00

‘0480 1400 | 1420
Station
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Friction Method Manning Formula

Solve For Mormal Depth

Input Data.

Channel Slope 0.00770  f/ft
Discharge 1087.00 f%s

Section Definitions

0+60 1015.214
0+76 011,78
0+99 1012.00
1+20 1012.21
1+38 1018.00

Roughness Segment Definitions

Slart Slation L Ending Staffon Roughness Gofficent

(0+60, 1015.21) {0+76, 1011.78) 0.030
(0+76, 1011.78) {1+20, 1012.21) 0.045
(1+20, 1012.21) {1+38, 1016.00) 0.030

Options

vurrent Koughness weignted Paviovskiis Method

Methed

Open Channel Weighting Method Paviouskii's Method

Closed Channel Weighting Method Paviovskii's Method

Normal Depth 330 #
Elevation Range 1011.78 to 1016.00 ft

Flow Area 181.48 {2
Watted Perimeter 7349 ft
Hydraulic Radius 247 ft
Top Width 72.82 1t

Bentley Systems, nc. Haestad Methods SoBtinie@dittevMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for XS-3E (Sta 14+25.86)

Normal Depth 330 ft
Critical Depth 263 ft
Critical Slope 0.01842  fifft
Velocity 599 ft/s
Velocity Head 0.56 ft
Specific Energy 386 ft
Froude Numbaer 0.67

Flow Type Subcrifical

GVE Input Data

Downstream Depth 0.00 1t
Length 0.00 1t
Number Of Steps ¢

Upstream Depth 0.00 ft
Profile Description

Profile Headloss .00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Mormal Depth 330 ft
Critical Depth 263
Channef Siope 0.00770  fiAft
Critical Slope 0.01842 it

Bentley Systems, Inc. Haestad Methods SoRéticQdltaviViaster VBI (SELECTserles 1) [08.11.01.03]
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Cross Section for XS-3E (Sta 14+25.86)

Project Descript]

Friction Method Manning Formula

Solve For Meormal Depth

Input Data

Channel Slope 0.06770 it
Normal Depth 330 ft
Discharge 1087.00 fi¥s

1016.00

1016.50

1015.00 |

1014.50

1014.00]

Elevation

1013.50

1013.00

012,50

1012.00

‘D80 1400 1420
Station
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Worksheet for XS-4E (Sta 21+15.05)

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00660  ft/ft
Discharge 1687.00  #%s

Secticn Definitions

0+40 1010.38
0+53 10067.36
0+55 1006.73
0+62 1006.84
0+75 1006.96
0+98 1007.18
1+01 1007.89
1+14 1011.36

Roughness Segment Definitions

“nding Station

{0+40, 1010.38) (0+55, 1006.73) 0.030
(0+55, 1006.73) (0+98, 1007.16) 0.045
(0+98, 1007.16) (1+14, 1011.36) 0.030

Options =~

current Rougnness weighted Paviovskil's Method

Method

Open Channel Weighting Method Paviovskil's Method

Closed Channel Weighting Method Paviovskil's Method

Normal Depth 3.57
Elevation Range 1006.73 to 1011.36 ft
Flow Area 186.64 ft

Bentley Systems, Inc. Haestad Methods SoBéetie@diltavMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for XS-4E (Sta

Wetted Perimeter 70,67 ft
Hydrautic Radius 266 ft
Top Width 69.23 ft
MNormal Depth 357 ft
Critical Depth 274 #
Critical Slope 0.01828 fifl
Velocity 582 fi/s
Velocity Head 053 ft
Specific Energy 409 ft
Froude Number 0.63

Flow Type Subcritical

Downstream Depth 0.00 ft
Length 0.00
Number Of Steps 0

Upstream Depth 000 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity ft/s
Upstream Velocity Infinity ft/s
Normal Depth 3.57 ft
Critical Deptn 274 ft
Channel Slope 0.00660  ftift
Critical Slope 0.01828 ftft

Bentley Systems, Inc. Haestad Methods SoRéticQ dlbaviiaster V8i (SELECTseries 1) [08.11.01.03]
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Project Descript

Friction Method Manning Fermula

Solve For Normal Depth

Input Data.

Channel Slope 0.00660 fut
Normal Depth 357 f#
Discharge 1087.00 fi%/s

101150,

1011.00.

1010.50,

101000,

1009.50

{009,060,

Eiavation

100850,

1008.00,

1007.50,

.r-r"'"’_!-'-_-

1007.00
] *,—-"" ! SO PRI SRR SR

4008.60 L ——t——t i
O+40 0+5D D+BD 0+70 D+80 0480 1400 131D
Station
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Prfect Desrpton

Frieticn Method

Solve For

Channel Slope
Discharge

Section Definitions

Worksheet for XS-5E (Sta 27+13.68)

Manning Formula

Normal Depth

0.00790  fu/ft
1087.00 f¥s

0+65 1005.69
0+74 1003.21
0+77 1002.46
1+14 1002.63
1322 1002.69
1+28 1003.58
1+39 1007.12

Roughness Segment Definitions

End_lr_lg"s.t?at_i.o‘ri' - ghness Coeff[clent

(0+65, 1005.69} (0+77, 1002.46) 0.030
(0+77, 1602.48) (i+22, 1002.69) 0.040
(1+22, 1002.6%9) (1+39, 1007.12) 0.030

Options

Lurrent Koughness Veighted Paviovskits Method

Method

Open Channel Weighting Method Paviovskifs Method

Closed Channel Weighting Method Paviovski’s Method

Results
Normal Depth
Elevation Range

Flow Area

Weited Perimeter

308

1002.46 to 100712 ft

167.09 fi2
68.30 ft

12/29/2014 10:56:38 AM
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Resils

Hydraulic Radius 245 ft
Top Width 67.54 ft
Normal Depth 3.08 ft
Critical Depth 255 ft
Critical Slope 0.01569 fi/ft
Velocity 6.51 fifs
Velocity Head 086 f#t
Specific Energy 373 1t
Froude Number 0.73

Flow Fype Suberitical

GVF Input Data

Pownstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
 Output Data.
Upstream Depth 0.00 ft
Proflle Description
Profite Headloss oco #
Downsiraam Velocity Infinity  ft/s
Upstream Velocity Infinity  fifs
Normal Depth 3.08 ft
Critical Depth 255 ft
Channel Slope 0.00790  fifft
Critical Slope 0.01569 ft/ft

Bentley Systems, inc. Haestad Methods SoRénieQ ditovMaster VB (SELECTseries 1) [08.11.01.03]
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Cross Section for XS-5E (Sta 27+13.68)

Broject Deseript

Friction Method Manning Formula

Solve For Normal Depth

Input Data.

Channet Stope 0.00790  ftfit
Normal Depth 3.08 ft
Discharge 1087.00  ft3fs

1007.00 |

1008.50

1006.00

100550

100600

Elenration

100450

1004.00

1003.50

1003.00
100250 'L-—»—-'-—'

v

"0+70 0480 0+8D 1400 1410 1420 1430
Stakion
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Worksheet for Alternative #1 - XS-1PF - 9" (Sta 5+20.25)

Proee Deserpon

Friction Method

Salve For

Manning Formuia
Normat Dapth

InputData -

Channel Slope
Discharge

Section Definifions

0.00670
1087.00

i}
s

- Elevation (f) =

0+41
0+57
0+75
0+91
1415
1426

Roughness Segment Definitions

1024.85
1019.61
1019.61
1019.61
1019.61
1623.37

tart Station+

Options '

current Keughness VWeightaed

Method

Open Channel Weighting Method

Closed Channel Weighiing Method

Normal Depth
Elevation Range
Flow Area
Weited Perimster

Hydraulic Radius

(0+41, 1024.85)
(0+57,1019.61)
(1+15, 1019.61)

Paviovskii's Method
Paviovskii's Method
Paviovskil's Method

3.58
1019.61 to 1024.85 ft
246.20
80.59
3.05

(0457, 1019.61)
(1+15, 1019.61)
(1428, 1023.37)

(.058
0.058
0.058

i

ft?
ft
ft

12128/2014 1:56:15 PM

Bentley Systems, Inc. Haestad Methods SolBbieileQ diltavMaster VBi (SELECTseries 1) [08.11.01.03]

27 Siemons Company Brive Suite 200 W Watertown, GT 06795 USA +1-203-755-1666

Page 1 of 2




Tap Width 7942 it

MNormal Depth 358 f
Critical Depth 214 ft
Critical Slope 0.03980 ftift
Velocity 442 ft/s
Velocity Head 0.30 ft
Specific Energy 3.89 ft
Froude Number 0.44

Flow Type Subcritical

Downstream Depth 0.00 ft
Length 0.00 1t
Number Of Steps 0

VFGupitDats

Upstream Depth .00 ft
Profile Deseription

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/'s
Upstream Velocity Infinity  ft/s
Narmal Depth 3.58 ft
Critical Depth 244 1t
Channel Slope 0.00670 ftft
Critical Slope 0.03980 fifft

Bentley Systems, Inc. Haestad Methods SoBé&akeQ fitwMaster V8i (SELECTseries 1) [08.11.01.03]
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Cross Section for Alternative #1 - XS-1PF - 9" (Sta 5+20.25)

Project Doscript

Friction Method Manning Formula

Solve For Normal Depth

Channel Slope 0.00670  ft/ft
Normal Depth 3.58 ft
Discharge 1087.00 s

1025.00
1024 50

O e s S
so2sc0] v
1[}22.59? """ \ ...........................
joz2.00] \
102150] |\
1021.00]

A
102050, \
\
L

Elevgtion

1020.00°
1018.60,

D+80 048D 1400 | 1420
Station
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Worksheet for Alternative #1 - XS-2PF -18" (Sta 8+28.41)

Friction Method Manning Formula

Solve For Normal Depth

Channel Slope G.00650  ftrit
Discharge 1087.00 ft%s

Section Definitions

0+49 1021.20
0+62 1017.02
0+84 1017.02
1+i4 1017.02
1427 1021.50

Roughness Segment Definitions

(0+49, 1021.20) {0+62, 1017.02) 0.077
{0+62, 1017.02) {1+14, 1017.02) 0.077
{1+14, 1017.02) {1+27, 1021.50) 0.077

current Kouginess vweighted Pavioveki's Method

Method

Open Channel Weighting Methad Paviovskii's Method

Closed Channel Weighting Method Paviovskii's Method

Resiits

Narmal Depth 4.48 1t
Elevation Range 1017.02 to 1021.50 ft

Flow Area 293149 f©2
Wetted Perimeter 7971 ft
Hydraulic Radius 368 ft
Top Width 78.00 1t

Bentley Systems, Inc. Haestad Methods SoBtitkke@diltarMaster V8i (SELECTseries 1) [08.11.01.03]
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Results

Normal Depth 448 ft
Crifical Depth 228 ft
Critical Slope 0.06913  fi/ft
Velacily 371 fis
Velocity Head 021 ft
Specific Energy 469 ft
Froude Mumber 0.34

Flow Type Subcritical

GVF Inpy

Downstream Depih 0.00 1t
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 000 #
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  fifs
MNormal Depth 448 ft
Criticat Depth 228 ft
Channel Slope 0.00850 ft/ft
Critical Slope 0.08813 {tft

Bentley Systems, Inc. Haestad Methods SoRéichie@ FitavMaster VB (SELEGTseries 1) [08.11.01.03]
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Cross Section for Alternative #1 - XS-2PF 18" (Sta 8+28.41)

Project Description
Friction Method Manning Formula

Solve For Normal Depih

B

Channel Slopa 0.00650  f/ft
Normal Depth 448 ft
Discharge 1687.00 {i¥s

1021.50

1021.00

102060

1020.00

109,50,

Elewadion

1019.00_

1018.50

1018.00]

1017.50 \L

1017.00 ]

‘D80 0+80 1400 1420
Station
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Worksheet for Alternative #1 - XS-3PF - 9" (Sta 14+25.86)

Project Descriptio

Friction Maethod Manning Formuia

Solve For Normat Depth

Input Date

Channel Slope 0.00770  fiffi
Discharge 1087.00 ft3s

Section Definitions

0+60 101521
0+70 1011.78
0+99 1011.78
1425 1011.78
1+38 1016.00

Roughness Segment Definitions

‘Fnding Station Raughnsss Coefficient. -

(0+60, 1015.21) {G+70, 1011.78} 0.058
{0+70, 1011.78) {1+25,1011.78} 0.058
{1+25, 1011.78) {1+38, 1016.00} 0.058

urrent Rougnness Weghted

Pavlovskii's Method

Method
Open Channe! Weighting Method Paviovskii's Method
Closed Channel Welghting Method Paviovskii's Method

Normal Depth 354 ft
Elevation Range 1011.78 to 1016.00 ft

Flow Azea 23203 2
Wetted Perimeter 7714 it
Hydradlic Radius 3.01 ft
Top Width 7580 ft

Bentley Systems, Inc. Haestad Methods SoBémkeGdilbwMaster V81 (SELECTseries 1} [08.11.01.03]
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Worksheet for Alternative #1 - XS-3PF - 9" (Sta 14+25.86)

Mormal Depth 354 ft
Criticat Depth 220 #
Critical Slope 0.03951 ftft
Velocity 468 ft/s
Velocity Head 0.34 ft
Specific Energy 388 ft
Froude Number 0.47

Flow Type Suberifical

Downstream Depth 0.00 1t
Lengih 0.00 1t
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profitz Headloss 0.00 ft
Downstream Velocily Infinity  fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 354 ft
Critical Depth 220 ft
Channsl Slope 0,00770  fuft
Critical Slope 0.03951 it

Bentley Systems, Inc. Haestad Methods SoBéichic@dtltaviaster V8i (SELECTseries 1} [08.11.01.03]
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Cross Section for Alternative #1 - XS-3PF - 9" (Sta 14+25.86)

Project Description

Friction Method Manning Formizla

Salve For Normal Depth

Channel Slope 0.00770  fi/ft
Normal Depth 354 ft
Discharge 1087.00 ft¥s

1018.00]

1015.50

1015.00

101450

1014.00

E lewation

1013.50°

1013.00

101250

1012.00

0480 D:ED 100 | 1420
Station
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Worksheet for Alternative #1 - XS-4PF - 9" (Sta 21+15.05)

Friction Method Manning Formula

Solve For Normal Depth

Input Dat

Channel Slope 0.00660 ft/ft
Discharge 1087.00 ft%s

Section Definitions

0+40 1010.38
0+51 1006.73
0+62 1006.73
0+75 1006.73
1+00 1006.73
1+14 1011.36

Roughnass Segment Definitions

: : '_'-—:'Endi_q_g Sl_a_ﬁp_n_ :

(0+40, 1010.38) {(1+14, 1011.36) 0.056

Lurrent Koughness Weighted Paviovski's Method

Method
Open Channel Weighting Method Pavlovskil's Method

Closed Channel Weighting Method Pavlovskil's Method

Normal Depth 384 1t
Elevation Range 1006.73t0 1011.36 ft

Flow Arsa 232.77 f#*
Wetted Perimeter 73.02 ft
Hydraulic Radius 319 ft
Top Width 7162 ft
Normal Depth 3.84 1t

Bentley Systems, Inc. Haestad Methods SoBéictieQ fittarMaster V8i (SELECTseries 1} [08.11.01.03]
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Worksheet for Alternative #1 - XS$-4PF - 9" (Sta 21+15.05)

Results -

Critical Depth 236 ft
Critical Slope 0.03629 ftt
Velocity 467 fis
Velocity Head 034 #
Specific Energy 448 #
Froude Number 0.48

Flow Type Suberitical

GVF Input Data

Downstream Depth 000 ft
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinlty  ft/s
Normal Depth 384 ft
Critical Depth 236 ft
Channel Stope 0.00660 ft/ft
Critica! Slope 0.03629  ftit

Benfley Systems, Inc. Haestad Methods §oBéinileQ dittavMaster V8i (SELECTseries 1) [08.11.01.03]
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Project

Friction Method Manning Formuta

Salve For Normal Depth

Channel Slope 0.00660 it
Narmal Depth 384 1t
Discharge 1087.00 fi3s

101460

101100

101050

1010.00

—

1008.50

1000.00°

Elevation

1008.50

1008.00

1007 .50 \ l
1007.00 | \ /

100850 e
D+40 D450 D80 (470 0+80 D+80 1+00 1+10
Station
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Worksheet for Alternative #1 - XS-5PF - 9" (Sta 27+13.68)

Project Descriptior

Friction Method Manning Formula

Solve For Normal Depth

InputData -

Channel Slops 0.00790 At
Discharge 1087.00 ft¥/s

Section Definitions

0+65 1005.69
0+75 1002.46
114 1002.46
+22 1002.46
1+25 1002.46
1+39 1007.12

Roughness Segment Definitions

(0+65, 1005.69) (1439, 1007.12) 0.058

Lurrent Koughness vveighted Paviovskii's Method
Method
Open Channel Weighting Method Paviovskii's Method

Closed Channel Weighting Method Paviovskii's Method

Normal Depth 3468 ft
Elevation Range 1002.46 {0 100712 f

Flow Area 22474 {1
Wetied Perimeter 7280
Hydraulic Radius 310 #
Top Width 71.04 ft
Normal Depth 3.68 ft

Bentley Systems, Inc. Haestad Methods SoRdickle@diltarMaster V8i (SELECTseries 1) [08.11.01.03]
12/28/2014 2:04:26 PM 27 Siemons Company Drive Sulte 200 W Waterfown, CT 06795 USA +1-203-755-1666 Page 1 of 2




Worksheet for Alternative #1 - XS-5PF - 9" (Sta 27+13.68)

Critical Depth 233 ft
Critlcal Slope 0.03004  ft/ft
Velocity 4.84 ft/s
Velocity Head 0.36 ft
Specific Energy 404 ft
Froude Number 0.48
Flow Type Subcritical

Input Data -
Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 Tt
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 368 f
Critical Depth 233 1f1
Channel Slope 0.00790  fuft
Critical Siope 0.03904 {/ft

Bentley Systems, Inc. Haestad Methods SoRéhieQ diiteviaster V8i (SELECTseries 1) [08.11.01.03]
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Cross

Friction Methed

Sclve For

Channel Slope
Normat Depth
Discharge

Section for Alternative #1 - XS-5PF - 9" (Sta 27+13.68)

Manning Formula

Normal Depth

0.00790C
3.68
1087.00 ft¥s

ft/ft
ft

1007.00]

1008.50 |

1006.00 |

1005.50.
100500

Elevation

100450

100400

1003.50

1003.00

|

‘!’

1002.50

{)'+7b

0+8D D+50 1400 1410 1420 1430
Station
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Worksheet for Alternative #2 - XS-1PH - 9" (Sta 5+20.25)

*roject Description.

Friction Method Manning Formula

Solve For Normal Depth

inputData

Channel Slope 0.00870  fft
Discharge 1087.00 ft¥s

Seclion Definitions

0+41 1024.85
0+57 1019.61
0+75 1016.61
0+91 10%9.61
1+15 1019.61
1+26 1023.37

Roughness Segment Definitions

: .'E.nding Station:

(0+41, 1024.85) (0+57, 1019.61) 0.068
(0+57, 1019.61} (1+15, 1019.61) 0.030
(1+15, 1019.61) (1426, 1023.37) 0.058
Lnﬁl;rrgg Roughness vwaignied Paviovskit's Methoed
Open Channel Weighling Method Paviovskif's Method

Closed Channel Weighting Method Paviovskii's Method

Results

Normal Depth 283
Elevation Range 1019.61 to 1024.85 ft

Flow Area 187.76 {2
Wedtled Parimeter 7582 ft
Hydraulic Radius 248 ft

Bentley Systems, Inc. Haestad Methods SoBtietleQdiitarMaster V8i (SELECTserles 1) [08.11.01.03]
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Worksheet for Alternative #2 - XS§-1PH - 9" (Sta 5+20.25)

Fop Width 7490 ft
Normal Depth 283 ft
Critical Depth 214 ft
Critical Stope 0.01750 fifit
Velecity 579 fi/s
Velocity Head 052 ft
Specific Energy 335 ft
Froude Number 0.64

Flow Type Subcriticat

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
GVFOutputData =

Upstream Depth 000 ft
Prefile Description

Profile Headloss 000 ft
Downstream Velocity Infinity ft/'s
Upstream Velocity Infinity ft/s
Normal Depth 283 ft
Critical Depth 214 ft
Channel Slope 0.00670 i/t
Critical Slope 0.01750  ftift

Bantley Systems, Inc. Haestad Methods 5oBdokleiAltawMaster V81 {SELEC Tseries 1) [08.11.01.03)
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Friction Method

Manning Formula

Solve For Normal Depth

Channegl Slope
Normal Depth

Discharge

féross_ Section Image.

1025.00

1024.50°

1024.00°

102350

1023.00°

1022.50"

1022.00°

Elesration

102150

1021.00]

102050

1020.00°

1019.50 ]

0480 0+80
Station

140D

1420

1087.00 ft¥s
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Project
Friction Method
Solve For

Input Data
Channel Slope

Discharge

Section Definitions

Worksheet for Alternative #2 - XS-2PH - 18" (Sta 8+28.41)

Manning Formtila

Mormal Depth

0.00650  fifft
1087.00 ft¥s

0+49 1021.20
0+82 1017.02
0+84 i017.02
1+14 1017.02
27 1021.50

Roughness Segment Definitions

| StartStafion L | Ending Station

(0+49, 1021.20) (0462, 1017.02) 0.077
(0+62, 1017.02) (1+14, 1017.02) 0.030
(1+14, 1017.02) (1+27, 1021.50) 0.077

Lurrent Roughness Yeighted Paviovskii's Method
Method

Open Channel Weighting Method Paviovskii's Method
Closed Channel Welghting Method Pavlovskit's Method

Normal Depth

Elevation Range
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width

347 1t

1017.02 to 1021.50 ft
216.86 12
7401 #
293 ft
72.88 f#

121282014 2:06:37 PM
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Worksheet for Alternative #2 - XS-2PH - 18" (Sta 8+28.41)

Normal Depth 347 ft
Critical Depth 228 ft
Critical Slope 0.02793 fiit
Velocity 501 fi/s
Velocity Head 038 ft
Specific Energy 386 ft
Froude Number 0.61

Flow Type Subcritical

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profite Description

Profite Headloss .00 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 347 ft
Critical Depth 228 ft
Channel Slope 0,00650 fi/ft
Critical Slope 0.02793 i/t

Bentley Systems, Inc. Haestad Methods SoBékle@diltovMaster V81 {SELECTseries 1) [08.11.01.03]
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Cross Section for Alternative #2 - XS-2PH - 18" (Sta 8+28.41)

Project Description

Friction Method Manning Fermuta

Solve For Normal Depth

input Data

Channet Slope 0.00650 ft/ft
Normai Depih . 347 B
Discharge 1087.00 fi%s

1021.50 |

1021.00 }

102050

1020.00

1019.50

Elenvation

1019.00)

1018.50 |

1018.00 |

$017.50

1017.00

IG+BQI I14_00' l1+2‘}
Station

Bentley Systems, Inc. Haestad Methods SoBdidief EkerMaster VB (SELECTseries 1) [08.11.01.03]
12/29/2014 2:07:12 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1




Worksheet for Alternative #2 - X$-3PH - 9" (Sta 14+25.86)

Friction Method Manning Formula

Solve For Normal Depth

Channel Slope 0.00770  fiit
Discharge 1087.00 ft¥s

Section Definitions

: éléya_tlon (ft) ;

0+60 1015821
0+70 1011.78
0+99 1011.78
1+25 1011.78
1+38 1016.00

Roughness Segment Definitions

(0+60, 1015.21) (0+70, 1011.78) 0.058
(0+70, 1011.78) (1+25, 1011.78) 0.020
(1425, 1011.78) {1+38, 1016.00) 0.058

Current Koughness Weaighted Paviovakils Method

Methed
Open Channel Weighting Method Paviovskii's Method
Closed Channel Weighting Method Pavlovskii's Method

Normal Depth 281 1t
Elevation Range 1011.78 to 1016.00 ft

Flow Area 177.90 {2
Wetted Perimeter 7293 #
Hydraulic Radius 245 ft
Top Width 71.82 ft

Bentley Systems, Inc. Haestad Methods SoBtickie@diltasMaster V81 {SELECTseries 1) [08,11.01.03]
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Worksheet for Alternative #2 - XS-3PH - 9" (Sta 14+25.86)

Its S
Normal Depth 281 #
Critical Depth 220 ft
Critical Slope 0.01763  fi/fit
Velocity B6.11 /s
Velocity Head 0.58 ft
Specific Energy 339 ft
Froude Number 0.68
Flow Type Supcritical

GV Input Dat

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

GVF Output Data

Upstream Depth .00 ft
Profile Description

Profite Headloss 000 ft
Downstream Velocily Infinity /s
Upstream Velocity Infinity fts
Normal Depth 281 f
Critical Depth 220 #
Channel Slope 0.00770  fEft
Critical Slope 0.01763  fifft

Bentley Systems, Inc. Hacstad Methods SoRéiegdiitavMaster V8i (SELECTseries 1) [08.11.01.03]
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Cross Section for Alternative #2 - XS-3PH - 9" (Sta 14+25.86)

Project Descriptio

Friction Method Manning Formula

Solve For Normal Depth

Channal Slops 0.00770 i/t
Normal Depth 281 ft
Dischazge 1087.00 fi%s

1016.00

1016.50

1015.00

1014.50

1014.00

Elewation

1013.50

141300

012,50

1012.00°

0460 | 0+80 | 4400 1420
Siation
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Worksheet for Alternative #2 - XS-4PH - 9" (Sta 21+15.05)

Project Description

Friction Method Manning Formula

Solve For Normat Depth

lnputDaa .

Channef Slope 0.00660 fufi
Discharge 1087.00  fi%s

Seclion Definitions

0+40 1010.38
0+51 1006.73
0+62 1006.73
0+75 1006.73
1+00 1008.73
1+14 1011.36

Roughness Segment Definitions

. StertStation.  EndingStaon: . Roughness Coefficient . |

(0+40, 1010.38) (0+51, 1006.73) 0.056
(0+51, 1006.73) {(1+00, 1006.73) 0.030
(1+00, 1006.73) (1+14, 1011.36) 0.056

Options

kﬁggg Rougnness Weighted Paviovskii's Method

Open Channel Weighting Methed Paviovskii's Method
Closed Channel Weighting Method Pavlovskii's Method

Normal Depth 315 #t
Elevation Range 1006.73 to 1011.36 ft

Fiow Area 184.18 g2
Wetted Perimeter 89.02 #
Hydraulic Radius 267 #

Bentley Systems, Inc. Haestad Methods SoRBéktie@diitavMaster V8i (SELECTseries 1} [08.11.01.03}
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Worksheet for Alternative #2 - XS-4PH - 9" (Sta 21+15.05)

Top Width 68.01 ft
Normal Depth 315 ft
Critical Depth 236 ft
Critical Slope 0.01792  ftft
Velocity 580 fis
Velocity Head 054 ft
Specific Energy 369 ft
Froude Number 0.63

Flow Type Subcritical

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
Upstream Depth 000 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  fifs
Upstream Velocity Infinity  ftfs
Mormal Depth 316 ft
Critical Dapth 236 f
Channel Slope 0.00660 fifft
Critical Slope 0.01792  fifft

Benttey Systems, Inc. Haestad Methods SoBéiic FitsyMaster V8 (SELECTseries 1) [08.11.01.03]
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Cross Section for Alternative #2 - X$-4PH - 9" (Sta 21+15.05)

Friction Method Manning Formula

Salve For Neormal Depth

Channel Slope 0.00660  ftft
Normal Depth 3156 #t
Discharge 1087.00 fi¥/s

1014.60

1014.00 |

1010.50 |

101 o.ooji =

1008.59

Elevation

1005.00

1008.50

1008.00

1007.50

10D7.00 \ [

100B.60 e
0+40 (450 0+80 0470 0+80 048D 1400 1+10
Station

Bentley Systems, Inc. Haestad Methods SoRdintief EiderMaster VB8i (SELECTseries 1) [08,41.01.03]

121292014 2:09:29 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of
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Worksheet for Alternative #2 - XS-5PH - 9" (Sta 27+13.68)

Friction Method Manning Formuia

Solve For MNormat Depth

Channel Slope 0.00790 fi/fe
Discharge 1087.00 fi¥/s

Section Definitions

0+65 1005.69
0+75 1002.46
1+14 1602.46
1+22 1002.46
1425 1002.46
1+39 1007.12

Roughness Segment Definitions

Ending Station: .+
{0+65, 1005.69) (0+75, 1002.46) 0.068
{0+75, 1002.46) (1425, 1002.46) 0.030
(1+25, 100246} (1+39, 10067.12) 0.058

wurrent Houghness Vveightad Paviovskii's Method

Method
Open Channel Weighting Method Paviovskii's Methed

Closed Channel Weighting Methed Pavlovski's Method

Results

Normal Depth 297 ft
Efavation Range 1002.46 to 100712 ft

Flow Area 175.67 fi2
Wetted Perimeter 69.00 1
Hydraulic Radius 2.54 ft

Bentlay Systems, Inc, Haestad Methods SoBéickeq fitavMaster V8i (SELECTserles 1) [08.11.01.03]
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Worksheet for Alternative #2 - XS-5PH - 9" (Sta 27+13.68)

Resits

Top Width 68.14 ft
Normal Depth 297 ft
Critical Depth 233 ft
Critical Slope 004835 ft#At
Velocity 8.19 fifs
Velocity Head 0.80
Specific Energy 3.57
Froude Number 0.68

Flow Type Subgritical

Downstream Depth 0.00 it
Length 0.00 ft
Number Of Steps 0
GVF Outpit Data

Upstream Depth 000 #t
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  fi/s
Normal Depth 2.97 ft
Critical Depth 233 ft
Channel Slope 0.00790  ft/t
Critical Slope 0.01835  ftfft

Bentley Systems, Inc. Haestad Methods SoBtiokeg@ditavMaster V8i (SELECTseries 1) [08.11.01.03]
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Friction Method

Solve For

Channel Slope
Normal Depth

Discharge

Cross Section for Alternative #2 - X$-5PH - 9" (Sta 27+13.68)
oct Descriptio -

Manning Fermula

Narmal Depth

0.00790  ft/ft
297 ft
1087.00 fis

Cross Se

1007.00

1008.60

1006.00

100650
1005.00

Elgwation

1004.50
1004.00
1003.50

1003.00° \

1002.60

/
/
:

'6+70 0+8D 0+B0 1400 1+10 1420 1430

Station

12/29/2014 2:10:256 PM

Bentley Systems, Inc. Haestad Methods SoBdidie@ &beyMaster VBi (SELECTseries 1) [08.11.01.03]
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Drainage Design Manual for Maricopa County Hydraulics: Friction Losses in Open Channels

TABLE 7.2
BasE VALUES OF n FOR UPPER-REGIME FLOWS IN SAND CHANNELS
[Modified from Bensen and Daliymple (1967)]

Median Size of Bed Material {mm) Base n-value
0.2 0.012
0.3 0.017
0.4 0.020
0.5 0.022
0.6 0.023
0.8 0.025
1.0 0.026

7.6.2 Base Values of n for Stable Channels

A stable channel is defined as a channel in which the bed is composed of firm earth, gravel, cob-
bles, boulders, or bedrock and remains relatively unchanged through most of the range in flow
(Aldridge and Garrett, 1973). Base n-values for stable channels have been determined mainly
from field-verification studies. Base n-values for firm earth, gravel, cobble, and boulder channels
can be selected by visually comparing the characteristics with those of channels that have known
or verified coefficients (Barnes, 1967; Aldridge and Garrett, 1973; Phillips and Ingersoll, 1998),
by comparing measured size of bed material with verified values of Manning’'s n (Table 7.3}, or by
use of eguations derived from channel and hydraulic parameters and verified values of Man-
ning’s n. Base n-values for bedrock channels can be selected by visual comparison with bedrock
channels where Manning's n has been verified.

TABLE 7.3
BASE VALUES OF MANNING'S n FOR CHANNELS CONSIDERED STABLE

Channel Type | Median Size of Bed Material Base n-value
Benson and Chow
Millimeters Inches Dalrymple {(1967) (1959)
Firm earth ue- -- 0.025-0.032 0.020
Coarse sand 1-2 e 0.026-0.035 ---
Fine gravel e — - 0.024
Gravel 264 0.08-2.5 0.028-0.035 -
Coarse gravel - -— e 0.028

August 15, 2013
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Drainage Design Manual for Maricopa County

Hydraulics: Friction Losses in Open Channels

TABLE 7.4

ADJUSTMENT FACTORS OR COMPONENT RANGES FOR VARIOUS CHANNEL CONDITIONS
Used to Determine Manning's n-values

(Adiustment to degree of meandering values apply to flow confined in the channel and does not
apply where flow crosses meanders; Modified from Cowen, 1956; and Chow, 1959.)

Channel
Conditions

Manning’s n
Adjustment

Example

Severe

0.040-0.060

ross section
It encugh to

Obst|A Manning's n adjustment factor of
area]0.015 was applied to the design
caus{Manning's n value of 0.030 for the

Amount of vegetation

/’_ bottom of the channel for XS-1, XS-2,

and XS-5 in the existing conditions

Negligible

o.ooo-;y/

Grasimodel due to the growth of vegetation.
flow.

over during

Small

0.002-0.010

Dense growths of flexible turf grass, such as Bermuda, or
weeds growing where the average depth of flow is at least two
times the height of the vegetation where the vegetation is not
laid over. Trees, such as willow, cottonwood, or saltcedar,
growing where the average depth of flow is at least three times
the height of the vegetation. Flow depth is about two times the
tree height, and the trees are laid over.

Medium

0.010-0.025

Moderately dense grass, weeds, or tree seedlings growing
where the average depth of flow is from two to three times the
height of vegetation; brushy, meoderately dense vegetation,
similar to 1- to 2-year-old willow trees growing along the banks.
A few 8 to 10-year old willow, cottonwood, mesquite, or palo
verde, which blocks flow by approximately 1 to 10 percent, and
spheres of influence or turbulence do not overiap.

Large

0.025-0.050

esquite or palo verde

A Manning's n adjustment factor of
0.015 was applied to the design
Manning's n value of 0.030 for the
bottom of the channel for XS-3 and

Very large

0.050-0.100

30 percent where the
vn with some weeds
reeds 2 feet.

XS-4 in the existing conditions model
due to the growlh of veqgetation.

fergrown with weeds

alongside slopes or dense catfails growing along the channel
bottom; trees intergrown with weeds and brush. Moderately
dense (blocks flow by approximately 30 to 50 percent and the
sphere’s of influence overlap) 8- to 10-year old trees spaced
randomly throughout channel where depth of flow approxi-
mates height of vegetation.
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Drainage Design Manual for Maricopa County

Hydraulics: Friction Losses in Open Channels

TABLE 7.6
COMPOSITE VALUES OF n FOR STABLE CONSTRUCTED CHANNELS
Type of Channel and Description n-value’
Minimum | Normal | Maximum
¢. Rock cuts
1. Smooth and uniform 0.025 0.035 0.040
2. Jagged and irreguiar 0.035 0.040 0.050

1.Excerpt from: Simons. Li and Associates (1981). Adapted from Chow (1959), Aldridge

and Garret (1973), and USDOT (2005).

TABLE 7.7
COMPOSITE MANNING'S n-VALUES FOR ROCK RIPRAP LINED CHANNELS
Source: USDOT (2005), page 6-1, equation 6.1

dsp (in}

Average -

Flow Depth Cobble Riprap

AM@ | 25 | 3.0 | 50 | 60 | 9.0 | 120 | 150 | 180 | 21.0 | 24.0
1.0 Propqsed conditions 0.069 n/a nfa n/a n/a n/a nfa
15 Manning's n values o.oég Q073 [ 0088 | n/a | na | nia | na
2.0 0.040 | 0.042 | 0.051 | 0.054 o.oeTG\Qc)?? 0089 | nfa | na | na
25 0.039 | 0.041 | 0.048 | 0.052 E}@m 0.076.] 0.080 | 0.090 | nia | na
3.0 0.038 | 0.040 | 0.047 | 0.050 | 0.058 | 0.066 | 0. 0.082 | 0.091 | 0.099
35 0.037 | 0.039 | 0.046 | 0.048 | 0.056 | 0.063 | 0.070 | 0.077 | 0.084 | 0.092
4.0 0.037 | 0.039 | 0.045 | 0.047 | 0.055 | 0.061 | 0.067 | 0.074 | 0.080 | 0.086
4.5 0.036 | 0.038 | 0.044 | 0.046 | 0.053 | 0.059 | 0.065 | 0.071 | 0.077 | 0.082
5.0 0.036 | 0.038 | 0.043 | 0.046 | 0.052 | 0.058 | 0.063 | 0.069 | 0.074 | 0.079
55 0.036 | 0.038 | 0.043 | 0.045 | 0.051 | 0.057 | 0.062 | 0.067 | 0.072 | 0.077
6.0 0.036 | 0.037 | 0.043 | 0.045 | 0.051 | 0.056 | 0.061 | 0.065 | 0.070 | 0.074
where;

= cross sectional area of channel at flow depth,

T = channel top width at flow depth.
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